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P Ar«r,pmiND OF TH F INVENTION 

A. Field of the Invention 

The present invention relates to a human protein sequence which can be 
15 used in severai applications. Specifically, the novel human protein sequence can be 
used to design proteins which produce lower allergenic response in humans exposed 
to such proteins through the use of a predictive assay. 

B. state of the Art 

20 Serine proteases are a subgroup of carbonvl hydrolases. They compnse a 

diverse class of enzymes having a wide range of specificities and biological 
functions. Stroud, R. ScLAmeL. 131:74-88. DespKe their functional diversrty, the 
catalytic machinery of serine proteases has been approached by at least two 
genetically distinct families of enzymes: the subtilisins and the mammalian 
25 chymobypsin related and homologous bacterial serine proteases (e.g.. trypan and S. 
gresius trypsin). These two families of serine proteases show remarkably s,m,lar 
mechanisms of catalysis. Kraut, J. (1977), Ann Rev. Biochenn , 46:331-358. 
Furthermore, although the primary structure is unrelated, the tertiary structure of 
these two enzyme families bring together a conserved catalytic triad of amino acds 
30 consisting of serine, histidlne and aspartate. 

Subtilisin is a serine endoprotease (MW 27,500) which is secreted in large 
amounts from a wide variety of Bac*s species and other microorganisms. The 
protein sequence of subtilisin has »*en determined from a. leas, four ~ 
35 pedes of Sac*, Markland, F.S., e. al. (1983), mm^mlMLSmL. 
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3641537-1540. The three-dimensional crystallography struoture of Baote 
amyttguefacfens subtilisin to 2.5A resolution has also been reported. Wnght, C.S., 
e, al. (1969), Nature. 221:235-242; Drenth, J., e, a,. (1972). EhJJUU. 
26-177-181 These studies indicate that although subtilisin is generally unrelated to 
the mammalian chymotrypsln like serine proteases, I has a similar active arte 
structure. The x-ray costal structures of subtilisin containing covalently bound 
peptide inhibitors (Robertus, J.D., e. a,. ,1972), ffigM, " 9 °' 

Lrtcomplexes (Rober.ua, XD.,e,al. (1976), iligLSm. 251:1097-1 03) 
have also provided information regarding the active site and putative substrate 
binding clef, of subtilisin. ,n addition, a large number of kinetic and chernioal 
modification studies have been reported for subtilisin (Philipp, M e, al. pMMfeL 
CelLBiocheni, 51:5-32; Svendsen, B. (1976), CarlsbeaRes^omnv, 41:237-291, 
Markland, F.S. Id.) as well as a. least one report wherein the side charn of 
methionine a. residue 222 of subtilisin was converted by hydrogen perox,* , * 
methionine-suboxide (Stauffer, D.C., e« al. (1965), IWLChem. 244.5333-5338) 
and the side chain of serine a, residue 221 converted to cysteine by chemrca, 
modification (Polgar, et al. (1981), BiochWca et Bio physica Acta , 667:351-354.) 

Proteins bearing some resemblance and/or homology to bacteria, subtilisin 
h ave also been detected in humans as we,, (see e.g., Keifer e, - 
Bio,., Vo,. 10, No. 10, PP . 757-769 (1991); Smeekens e. a,., IfifiLCh^. Vc . 265, 
^6, pp. 2997-3000 (1990); Tomkinson et al., @gchem. Vol. 30, pp. 168-174 
(1991)). 

US Patent 4 760,025 (RE 34,606) discloses the modification of subtilisin 
amino acid residues corresponding to positions in Bacfc amy/of/guefecrens 
subtilisin tyrosine -1 , aspartate .32, asparagine -155, tyrosine .104, me,h,on,ne 
♦222, glycine .166, histidine .64, glycine .169, phenylalanine .189, sen e . 33 
serine .221, tyrosine .217, glutamate .156 and alanine .152. US Patent 5,182,204 
discloses the modification of the amino acid .224 residue in Bacfc 
am^guefac/ens subtilisin and eguivafcn. posifens in other subhlrs.ns wh,o may be 
modified by way of substitution, insertion or deletion and which may be combined 
wrth modmcations to the residues identified in US Patent 4,760,025 (RE 34,606) to 
form useful subtilisin mutants or variants. US Paten, 5,155,033 discloses s,m„ar 
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at position +76. 

Proteins, including proteases, used in industrial, pharmaceutical and 
,0 oommaroialapplicationsareof increasing prevaience. As a resume increased 
exposure due to this prevalence has been responsible for some safe* hoards 
causedby.hesensi.izationofcertainperscns.o.hosepepUdes.whereupon 

b rZ. exposure causes extreme allergic reactions whfch can be ,n,unous and 
a". Forexampie.proteasesare Known t o cause dangerous hype— 

„ rieindividua, ^^^^ZZTZ 
e.g„ in iaund^ detergents, cosme,^, textile treatment etc a d h eerfensrve 

research performed in the f,e,d to provide improved proteases wh,ch have, o 
Example more effective stain remove, under detergency conditions, he use of 
proteases in industry has been problematic due to their abilKy to producea 
20 hypersensitive allergenic response in some humans. 

Much worK has been done to alleviate these problems. Among the strategies 
explored to reduce immunogenic potential of protease use have been ,mpro«d 

25 worMace concentrations of dust particles or aerosol carrying airborne protease _ 

plced from the protease product, and improved recover processes to reduce 
eve, o, potentially ailergenlccontaminants in the f,na, product. However^o sto 

reducethe allergenic* o, protease, perse, have been relatively unsuc^ I. 

recognized by immunoglobulin E (IgE) in hypersensitive ,nd,v,duals (PCT Publ,cahon 
Two 02/10755) or to eniarge or change the nature ofthe antigen, determinants 
by attaching polymers or peptides/proteins to the problematic protease. 
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When an adaptive immune response occurs in an exaggerated or 
inappropriate form, the individual experiencing the reaction is said to be 
nypeLnsi.ive.Hypersensi.ivKy reactions are the resufl o, normally beneflcia, 
immune responses acting inappropriately and sometimes cause inflammatory 
reactions and tissue damage. They can be provoKed by many antigens; and the 
cause of a hypersensitive reaction will vary from one individual to the next. 

when an IgE response is directed against innocuous environmental antigens, such 
Tpollen dust-mites or animal dander. The resuming release o, pharmacology, 
mediators by IgE-sensitized mas, cells produces an acute inflammatory reaction** 
symptoms such as asthma or rhinitis. 

Nonetheiess. a strategy comprising modifying the IgE s«es will not generally 
* successful in preventing the cause of the HU sensation reaction. Accordingly, 
such strategies, while perhaps neutralizing or reducing the seventy of the 

sensed. For example, when a person is Known to be hypersensitive to a certain 
antigen, the general, and only safe, manner of dealing wKh sue* a situation ,s to 
isolate the hypersensitive person from the antigen as completely as port* 
indeed, any other course of action would be dangerous to the heath of the 

^^^^^^^^'^^ 
hypersensitive individual is important, for industrial purposes it would be far more 

vlble to render a protein incapable o, initiating the hypersenstovfly reaction ,n the 
25 first place. 

T-lymphocytes (T-cells) are key players in the induction and regulation of 
immune responses and in the execution o, immunological effector functions. 

30 these cells and they are believed to contribute to the healing o, ,n )U r,es On the other 
hand, failure to control these responses can lead to auto aggression, in , nera. 
antigen is presented to T-ceils in the form of antigen presenbng cells *ch t rough 
a variety of cell surface mechanisms, capture and display antigen or partial anhgen 
i„ a manner suitable for antigen recognition by the T-cell. Upon recognition of a 
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the production of ant.body by B-cells. wn.ie the actual epitopes 

development of a full blown allergic reaction. 

PCT Publication No. WO 96/4079! discloses a process for produdng 
pc^neoxioe-po^ 
polyalkylene oxide as a starting material. 

PCT Publication No WO 97/30148 discloses a porypeptide conjugate with 
more polypeptide molecules coupled covalently thereto. 

PCT Publication No. WO 96/17929 discloses a process for producing 
30 polymolecules to a parent polypeptide. 

PCT Publication No. WO 92/10766 discloses a method of producing protein 

:i:„ y o,,n,eres,andvartan,s,hereo,Prom,heseresu,,^ 
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potential. 

PCT Publication No. WO 94/1019! discloses low allergenic proteins 
has substantially retained its activity. 

The prior art has provided methods o, reducing the allergenic* obtain 

allergenicity enzymes. Likewise, a nee 

enzymes which ma, have use in pharmaceutical aprons. 

-iiwwinry" l;TU ' : ""' ENTI0N 

r.anohiecto.theinventiontoprovideahumanprotea.whichcanhe 

It is an object of the invention to provide a method of making C ^^'^'^ US6C ' 
and successful proteases and other proteins more safe b» integrabng therein 
25 sequences derived from human protease analogs. 

^afurtherobjectofthe invention to provide a human protease which may 
have application in the pharmaceutical industry. 

embodiment, the epitope replaced is a T-cell epitope. 
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,„ another embodiment of the present invention, a method 
protein of the invention having reduced allergenicity is provided. Preferably, the 

,„e modified DMA encodes the mutant pro,* of the invention where, an eprtope 
replaced with an analogous region from human subttan. 

In yet another embodiment of the invention, DNA sequences encoding the 
mu tan. pr tein. as we,, as expression vectors containing such DNA sequences .nd 

capable oppressing such DNA to produce the mutan, protein ofthe ,nven„on 
either intracellular^ or extracellularly. 

The mutan, protein ofthe invention is useful in any "^"^ 

T lase the reduced allergenicity protease can be used as a component . 

nllrpe feed toimprovethe nutritional value o, the feed. Similar., where the 
pin is n amylase, the reduced allergenicity amylase can be used for the 

textiles in a laundry detergent or any other use for *** amylase ,s useful. 

more safe by reducing the possibility of allergic reaction. 

,„ another embodiment Che invention, the human subtilisin may be used in 
pharmaceutical applications wherein the protease is used for debridement 
treatments. 

BRIEF nPSfiRIPTIOr- 1 " c THP nRAWINGS 

Figs 1 A-C illustrates the DNA (SEQ ID.NO ,) and amino acid (SEQ ID:NO 

map of this gene. 
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of speoffio amino acid residues as compared to subttan BPN . 

E05 represents the region comprising residues corresponding 
from Bacillus amyloliquefaciens. 

ngSiiiustratetheadditiveT-ceiiresponseoflOperipheraimononuCear 
b ,„od sample to peptides corresponding to the human subtilism. 

Fjg .6,us,ra,es,he amino acid sequence of human subtilisin (SEQ ID:NO 6,. 
PigTiiiustratestheaminoacidstringscorrespondingtopeptidesdedved 
from the sequence of Bac»s M» protease used in Example 2. 

Figs 8A and 8B illustrate the amino acid strings corresponding to peptides 
derived from the sequence of human subtilisin used in Example 2. 
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DETAIL£D_DESCRIPTIONO^ 

embodiment, the epitope replaced is a T-ce» epitope. 

inano^embodimen.ofthap^.invent.n.am^^tha 
protein o, the invention having reduced allergenic* ,s prev,ded. Prefer, 
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replaced with an analogous region from human subtitan. 

I„ yet another embodiment of the invention. DNA seguenoes encoding the 

either intracellularly or extracellularly. 

rrxt^r^^-^— ... 

of differentiated dendritic cells and sa,d na,ve CD4 + 
peptide cf interest; (d) measudng the proliferation o, T-ce„s ,n sa,d step (c). 

The non-human peptide of interest too, analyzed according to the assay of 
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corresponds ,o amino acid sequence 10-20 of the sublet protem etc 
representative peptides corresponding to the entire molecule are created. By 
„XL each ot .hepept.es individual, in the assay provided herein,,,spo^e 

L pLI identify the location of epitope recognizee by T-cells. In the example 

fa ci,Ka,e identification of the epKope anchor region to - three ammo aod. After 
determining the location of these epitopes, it is possible to a«er the amrno acds 
^rJepnopeun^epep^producesa.sssign.cantT^response. 

Preferably.theepitopeismodifredinoneofthefollowingways-. (a) 
preferably the amino acid seguence of the epitope is substituted with an analogous 

Jere the protein is a subtllisin, a seguenca alignment can be arranged so as o find 

, pertinent epUope in the subtllisin; (b, the amino acid seguence of the e^tope 
substituted with a sequence from human subtilisin of the invent™ whrch ^ 
producesalesser allergenic response due toT-cel, epitope recogn^ a ha,o, 
he protein of interest; or (o) with any seguence from the human sub.,l,s,n of the 
■Ion which produces lesser allergenic response due to T-cel, ep«ope recogn,„on 
than that of the protein of interest. 

■Antigen presenting cell" as used herein means a cell of the immune system 

macrophages. 

■T-cell proliferation" as used herein means the number of T-cells produced 
during the incubation of T-ce„s with the antigen presenting cells, with or without 
antigen. 

-Baseline T-oe„ proliferation" as used herein means T-ce,l proliferation which 
in the absence of peptide or protein antigen. For the purposes M the baselrne 
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T-cel, proliferation leve, was determined on a per sarnpla basis for aaoh individual as 
the proliferation of T-oells in response to antigen presenting oells in the absence of 
antigen. 

5 -T-cell epitope" means a feature of a peptide or protein which is recognized 

bv a T-cell receptor in the initiation of an immunologic response to the pept.de 
comprising that antigen. RecognHionofaT-cellepBopebyaT-cellis generally 
believed to be via a mechanism wherein T-ce,ls recognize fragmenU of 
antigens which are bound to class I or class II major histocompatabrhty (MHC) 

Volume 98. p 187 (Copenhagen; Munksgaard) (1987). 

The epitopes determined according to the assay provided herein are then 
„ modffled to reduce the aliergenic potential o, the protein of interest. In a preferred 
embodiment, the epKope to be modified produces a leve, o, T-cell proliferation o, 
greater than three times the baseline T-cell proliferation in a sample. When 
modified, the epitope produces less .ban three times the baseline pro rfera » 
preferably less than two times the baseline proliferation and most preferably less 
20 than or substantially equal to the baseline proliferation in a sample. 

•Sample" as used herein comprises mononuclear cells which are nafve. i.e., 
not sensitized, to the antigen in question. 

25 -Homolog- as used herein means a protein or enzyme whic* has similar 

catalytic action, structure and/or use as the protein o, interest. It is desirable to find 
abologthathasatertian, and/or primary structure similar to the pro,e,n o, int.es, 
as replacement of the epitope in the protein of interest wKh an analogous segment 
from the homolog will reduce the disruptivaness of the change. Thus, enzymes 

30 having signffican. homology will provide the most desirable targe, for epitope 
substitutions with sequences from the human subtilisin of the invention. 

An -analogous- sequence may be determined by ensuring that the 
replacement amino acids show a similar function, the tertiary structure and/or 
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conse^ed residues to the amino acids in the protein of interest at or near the 
epitope Thus, where the epitope region contains, for example, an alpha-he„x or 
beta-sheet structure, the replacement amino acids should maintain that spec* 



structure. 



While the present invention extends to all proteins for which it is desired to 
reduce allergenic*, for the sake of simplicity, the following will describe a particularly 
preferred embodiment of the invention, the mod.ca.ion o, protease. Proteases are 
carbony, hydrolases which generally act to cleave peptide bonds of proteins or 
peptides. As used herein, "protease" means a naturally-occurring protease or a 
recombinant protease. Naturalty-occurring proteases include a-aminoacylpepbde 
hydrolase, peptidylamino acid hydrolase, acylamino hydrolase, senna 
TCpeptidase metallocarboxypeptidase, thio, proteinase, carboxylase and 
"roLse. Serine, metalio, thiol and acid proteases are included, as we,, as 
endo and exo-proteases. 

Subtilisins are bacterial or fungal proteases which generally act to cleave 
peptide bonds o, proteins or peptides. As used herein, "subtilisin" means a naturally- 

subtilisins is known to be produced and often secreted by venous m,crob,a speces. 
Lino acid sequencesofthe members ofthis series are no, entirety homologous 
However the subtilisins in this series exhibit the same or similar type of proteose 
activrty. This class of serine proteases shares a common amino acid sequence 
defining a catatylic triad which distinguishes them from the «P-J* 

both have a catalytic triad comprising aspartate, hiatidine and senna. — « 
related proteases the revive order ofthese amino acids, read.ng from, eam.no to 
carboxv terminus, is aspartate-histidine-serine. In the chymotrypsin related 

^^^■^■^^^^■^ 
0 herein refers ,o a serine protease having the catalytic triad o, 3 
oroteasas Examples include but are not limited to the subt,l,s,ns idenhfied ,n F,g. 3 

acids in proteases corresponds to the numbers assigned to the mature 8ac*s 
amytoliquefaclens subtilisin sequence presented in Bg. 1. 
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"Recombinant subtilisin" or -recombinant protease" refer to a subfen or 
protease in which the DNA sequenca enooding the subtilisin or protease is modfred 
to produce a variant (or mutant) DNA sequence which encodes the substitute. 
Jetion or insertion of one or mora amino acids in the natural-occurring amino acd 
sequence. Suitable methods to produce such mediation, and which may be 
combined with those disclosed herein, include those disclosed in US Patent 
4,760,025 (RE 34,606), US Patent 5,204,015 and US Patent 5,185,258. 

■Non-human aubtilisins" and the DNA encoding them may be obtained from 
many procaryotic and eucaryotic organisms. Suitable examples of procaryottc 
organisms include gram negative organisms such as E. co» or Pseudomonaa and 
gram poaKive bacteria sue. as Micrococcus or Ba*a. Examples of eucaryo c 
organisms from which subtilisin and their genes may be obtained include yeas, such 
as Saccharomyces cerevfeiae, fungi such as Aspergillus sp. 

■Human subtilisin" means the protein represented by the sequence in Fig. 6, 
derivatives thereof or mediations thereof which retain the essential ability to 
hydrolyze peptide bonds. 

A -protease variant" has an amino acid sequence which is derived from the 
amino acid sequence of a "precursor protease". The precursor proteases include 
natural-occurring proteases and recombinant proteases. The --oao, sequent 
of the p otease variant is "derived" from the precursor protease am,no acd sequence 
5 ^esubs.ituta.deleuonorinsediono.onaormoreaminoaddsofe.epre^ 
amino acid sequence. Such modification is of the "precursor DNA sequence wh,ch 
encodes the amino acid sequence of the precursor protease rather than 

manipulation of the precursor DNA sequence inciude methods teftrt hw* as 
,0 well as methods known to those skilled in the art (see, for example, EP 0 328299, 
WO89/06279 and the US patents and applications already referenced here,n). 

These amino acid position numbers used herein refer to those assigned to 
the mature Bacillus myMfuefsciens subtilisin sequence presented in F,g. 1 . The 
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invention, however ,is no, Mtadto .he mutation of this particular »bu 
lends to precursor proteases containing amino acid residues a. pos,.,ons which 

subtilisin in a preferred embodiment of the present invention, the precursor 
above. 

A re sidue (amino acid) of a precursor protease is equivalent to a residue of 
S ac/,/u S a m yWc/en S sub.ilisin if it is either homologous (i.e., corresponding ,n 

portion o, that residue in Bac*s amy-o/iguefaciena sub«„,s,n (,e., awng the same 
or similar functional capacity to combine, react or interact chem,calty). 

,n order to establish homology to primary structure, the amino acid sequence 
o, a precursor protease is direct* compared to the Ba*a 

oonserved residues as between 6. mft***** ***<*™ and ' en ' US rt . 
rub«n.Anera,igning,heoon S e.ed residues, aiiowing for "acessary ,n»rt,ons 
and deletions in order to maintain alignment (i.e., avoiding the el,m,na„on of 

o particular amino adds in the primary sequence of Ba*s amyWgue acens 
u ^aredenned. W ignmen, o, conserved residues preferabiy should con^rve 
rlfsuch residues. However, alignment o, greater, ban 75% or asWeasSO/o 
Unserved residues is also adequate to def,ne equrvalen, residue, Conservabon 
o, the catalytic triad, Asp32/His64/Ser221 should be maintained. 

For example, in Fig. 6 the amino acid sequence o, subtiiisin from Bacfcs 
arny^uefac/ens.Bac^^ 

Ill^sareaiignedtoprovidethe maximum ~tTa 

number of oonserved residues contained in each sequence. These oonserved 
residues (as between BPH and B. tentus) are idenfflied ,n F,g. 2. 
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These conserved residues, thus, may be used to define the corresponds 
equfvafentaminoac* residues of ^ ^^279 
slisins such as subtilisin from Ba*s -anius (PCT Publication No. W08*0627 9 
published Jury 13, 1989), the preferred protease precursor enzyme herein o he 
subtilisin referred to as PB92 (EP 0 328 299), which is highly homologous to h e 
preferred Bac/te lentus subtilisin. The amino acid sequences of certain of these 
subtilisins are aligned in Figs. 3A and 3B with the sequence of Bac»s 

«**)<-»*» sub,ilisin 10 pr ° dUCe ' he maXimUm h0m0l09y °' ^ , 
residues. As can be seen, there are a number o, deletions in the sequence of 
Sac/te/entos as compared to Bacfcs amyfo/iguefac/ens subtilisin. Thus, for 

in the other subtilisins is isoleucine for B. /enfes and B. /fchenfrormrs. 

Thus for example, the amino acid at posftion .170 is lysine (K) in both B 
^ and B. Mrt subtilisins and arginine (R) in Savinase n 
,he protease variants o, the invention, however, the amino add equiva, n, to + 170 
Saci/te subtilisin is substituted wfth aspartic acd (D). The 

conform to the Patentln User Manual (GenBank, Mountain V,ew, CA) 1990, p.101. 

•Equivalent residues' may also be defined by determining homology at the 

determined by x-ray cartography. Equivalent residues are def,ned as thosefo 
which the atomic coordinates of two or more of the main chain atoms o, a parhoular 
amino acid residue of the precursor protease and Bac*s amyWguefacrens 
subti ,isin (N on N, CA on CA, C on C and O on O) are wfthin 0.13m. and preferably 
0,nm after alignment. Aiignmen. is achieved after the best mode, has been 
oriented and positioned to give the maximum overlap of a.om,c coordinates of non- 

1L The best mode, is the crystallographic mode, giving the lowest R factor for 
experimental dftfraction data at the highest resolution avertable. 
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Z„\Fo(hMFc(h)\ 
«/«""■ ' t h \Fo(h)\ 



Equ ,va,en« residues which are functtonalfy analogous ,o a spec* es,due 
Bacf/te amy/of/guefaciens sub.il.sin are defined as these amino adds of the 

which may adopt a conformation such that they either alter 
ZZ — to protein structure, substrate binding or « ,n a manner 
LnLndattdbutedtoaspe* residue of the ^^Tl^s 
subtilisin Further, they are those residues of the precursor protease (for which 

analogous position to the extent that, although the mam chain atoms of the giveh 
elTma no, satisfy the criteha of eguivalence on the basis o, occupying a 

o, the residue lie with 0.13nm of the correspondiog s,de oha.n atoms of Sacfca 

M qHpM. subtilisin are set forth in EPO Publication No. 0 251 446 
(^uivalerrt to US Patent 5,162,204, the disclosure of which is incorporated herein by 
, ^tandcanbeusedasoutlinedabovetodetermineeguivalentresidueson 

the level of tertiary structure. 

some of the residues identified for substitution, insertion or 
conserved residues whereas others are no,. In the case o, residues wh, a e o« 

which produceavarian, which has an amino acid sequence ,ha, does no 
lesoondtoonefound in nature. In ,he case o, conserved residue,^ 
replacements should not result in a naturally-occurring sequence. The protease 
r ronhe present invention include the mature forms o, protease vanants, 

Lpreferredcohstruo.ionsincethisfacilKates.heexpression.seoretionand 
maturation of the protease variants. 

Trosequence" refers to a sequence of amino adds bound to the N-termina, 
30 portion of the mature form o, a protease which when removed resu«s ,n the 
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f thP -mature" form of the protease. Many proteolytic enzymes are 

pacing protease variants is the putative presence of M. 
a^LLnasubtiii*. enough other protease prosequenoes may be used. 

A "signa, sequence- or ••presequence" refers to any sequence of amino acids 

condrtions. The present , vent ^ 
the protease vanants as ^ from 6ac „, us SU «s 

fenfus (ATCC 21536). 

A -prepro" torn, of a protease variant consists of the mature form of the 

the prosequence. 

^ich is operabiyiinKedtoasuitabiecontroi sequence capabie o, effete 
Cessio of said DNA in a suable host. Such contro, sequences inctude 
ZZr to effect transcription, an optional operator sequence to con.ro! such 

sequences which control termination of transcription and translatwri. ^ 
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However, .he invention is intended to include suoh other forms o, expression vectors 
which serve equrvalent functions and which are, or become, known ,n the art. 

The "host ceils" used in the present invention generally are procaryotic or 
eucaryotic hosts which preferably have been manipulated by the methods dtsdosed 
in us Paten, 4,760,025 (RE 34,606) ,0 render them incapable of ■»*■ 
enzymatical.acdveendoprotease. Apreferred host eel, for expressways 

Li, in US Paten, 5 264,366. Other host cells for expressing protease include 
S " ub* '(also described- in US Paten, 4,760,25 (RE 34,606,andUS 
Patel, 5 264 366, the disclosure o, which are incorporated herein by reference), as 
well as any suitable Baci/te strain suoh as 8. Wen/form/a, B. fenfus, etc. 

Host cells are transformed or transferred with vectors constructed using 
recombinant DNA.echniques. Such transformed host cells are 
replicating vectors encoding toe protease variants or express,ng toe desired 
protease variant. In the case o, vectors which encode the pre- or prepro-form of he 
such — «hen expressed, are typical, secreted from toe host 
cell into toe host cell medium. 

■■Operably linKed, ■ when describing the relationship between two DNA 
regions, simply means that toey are functionally related to each other. For 
. resequence is operab* linked to a peptide . I functions as a s,gna, sequence, 
participating in the secretion of toe mature farm of toe protein most probably 
inv^ing cleavage of the signal sequence. A promoter is operably linked to 

operabfy linked to a coding sequence if it is positioned so as to perm,, translation. 

The genes encoding the naturally-occurring precursor protease may be 
obtained in accord with toe gene., methods known to those skilled in toe art. The 

encoding regions of toe protease of interest, preparing genomic libranes from 
o ganisms expressing toe protease, and screening the librariesfor the gene o, 
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interes. by hybridation ,o ft. probes. PosKively hybridizing clones are then 
mapped and sequenced. 

The Coned protease is then used to transform a host eel, in order to express 
5 the protease The protease gene is then ligated into a high oopy number plasmid. 

necessary for Plasmid replioation: a promoter operably linked to the gene ,n 
uZlhlchmay be suppiied as the gene, own homologous promoter,,, 

recognized ie., transcribed, by the host), a transcription terminate and 
romtheproteasegeneincertaineucaryo.ichostcellslwhich.sexogenousor.s 

e^L gene such as an antibiotic resistance gene that enables conhnuous cul«al 

15 High copy number plasmids also contain an origin of replication f r the host hereby 
enablinglge numbers o, plasmids to be generated in the cytoplasm wthou, 
c noisome, limitations. However, it is within the scope herein to integrate mu.ple 

eucaryotic organisms which are particularfy susceptible to homologous 

20 recombination. 

,„ one embodiment, the gene can be a natural gene such as that from B 
lenlus or a Alternatively, a synthetic gene encod.ng a natu al y- 

Tnmg or mint precursor protease may be produced. In such an approa^ft 
25 DNA and,or amino acid sequence of the precursor protease ,s dettnrntnal M*le, 
ovenappingsyntheticsingle-strandedDNAfragmentsareftereaftersyn, *ed, 

precursor protease. An example of synthetic gene construction ,s set forth n 
P E ~3ofUSPa,en,5,204,015,fte disclosure o, *ch is incorporated here,n by 



30 reference. 



Once the naturally-occurring or synthetic precursor protease gene has been 
coned a number o, modifications are undertaken to enhance the use of the gene 

ynthesisof the naturalry-occurring precursor protease. Such mod,ca„ons 



GC532app 



-20- 



include the production of recombinant proteases as disclosed in US Patent 
4,760,025 (RE 34,606) and EPO Publication No. 0 261 446 and the producbon of 
protease variants described herein. 

The following cassette mutagenesis method may be used to facilitate the 
construct of the protease variance present invent, »«T 
me ,hods may be used. First, the nature-occurring gene encod.ng the pro ease 
obtained and sequenced in whole or in part. Then the sequence is scanner H a 
point a. which it is desired to make a mutation (deletion, insert,on or subsMu. on, of 

are evaluated for the presence of restriction sites for replacing a short segment of 
th e gene with an oligonucleotide poo, which when expressed win encode venous 
JLts. Such restriction s«es are preferably unique sKes within the protease gene 
soastofaciiitatethe replacement ofthegene segment, 
restriction site which is not overly redundant in the protease gene may be used, 

inpropersequenca. If restriction sites are not present at locations wrthin a 

are generated by substring nucleotides in the gene in such a fashion ha, neither 
the reading frame nor the amino acids encoded are changed in the *- 
construction. Mutation of the gene in order to change its sequence to conform tote 

Known methods. The tasK of locating suitable fianKing regions and evaluatng .he 
needed changes to arrive at two convenient restriction site sequences . > made 
routine by the redundancy of the genetic code, a restrict™ enzyme map of the gene 
and the large number o, different restriction enzyme, Note the, ■ a convemen, 
flanking restriction site is available, the above method need be used only ,n 
connection with the flanking region which does no, contam a s,te. 



) 



Once the naturally-occurring DMA or syntheflc DNA is cloned, the restriction 
sites flanking the positions to be mutated are digeated wKh the cognate restncflon 

Jedintothe gene. The mutagenesis issimplifled by this method because a„o, 



GC532app 



-21- 



t he oligonucleotides can be synthesfced so as to have the same restriction sKes. and 
no synthetic linkers are necessary to create the restriction srtes. 

in one aspect of the invention, the objective is to secure a variant protease 
having altered allergenic potential as compared to the precursor protease , s,nce 
leasing such potential enables safer use of the enzyme. While the ,ns,an, 

stability and/or altered substrate specify, modified activity or altered alkahne 
stability as compared to the precursor. 

Thus in combination with the mutations of the present invention, substitutions 
at positions corresponding to N76D/S1 03AA/104I/G159D optionally in combination 
with one or more substitutions selected from the group consisting of posrtron 
( Responding to V68A. T213R. A232V, Q236H, Q245R, and T260A o, Bac*s 

ro.eoly.ic activity o, .he enzyme. Similar*, .he subsWuhons prov,ded here n may be 
combined with mu,a.ion a, .he Asparagine (N) in Ba*s lenfus subhhsm a, 
0 eauivalent position +76 to Aspartate (D) in combination with the mutations 

selected from the group insisting of positions corresponding to V68A T213R, 
A232V Q236H, Q245R, and T260A of Bacfcs amyfof/guefacrens subtton, to 
produce enhanced stabilKy and/or enhanced aCivi,yo,.he resulting mutant enzyme. 

" Based on the screening results obtained with the variant proteases, the noted 

aCivKy. performance and,or ability of .hese enzymes and .he ciean.ng or wash 
performance of such variant enzymes. 

30 Many of the protease variants of the invention are useful in formulating 

various detergent compositions. A number of known compounds are su,table 

These include nonionic, anionic, cationic, anionic or zwWerionic de.ergen.s, as 
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A suitable detergent formulation is that described ,n Example? of US Pa, en 
5 204,015 (previously inoorporated by reference). The art ,s fam„,ar wAh «h 

5 typical cleaning compositions, it is readily understood that the protease vanan. of 

are used. Thus, tbese variants can be used, for example, in persona, caredems 
such as face lotions and cosmetics, in bar or liquid soap applicabons, d,shcare 

,0 ^len .,.e*ileap P ~^ 

detergent composition (as compared to the precursor,. As 

sen*e stains such as grass or blood, as determined by usual evaluadon after 
15 standard wash cycle. 

Proteases of (he invention can be formulated into Known powdered and liquid 
detergents having P H between 6.5 and 12.0 at levels of about .01 to about 5 h 
1%. 5%) bywelght. These detergent cleaning 
20 :nro!heren 2 ymessuchasKnownpro,eases,amy,ases,cel,u,ases,lipasesor 

endoglycosidases, as well as builders and stabtors. 

The addftion of proteases of the invention to conventional cleaning 
compositions does no. create any special use limitation. ,n other words, any 
25 temperatureandpHsuHableforthedetergentisaisosurtablefortheprese, 

below the described protease's denaturing temp.ra.ure. In add,„on, proteases of 
Mention can be used in a cleaning composition w*hou. detergents, aga,n e„her 
alone or in combination with builders and stabilizers. 

such as par. of animal feed addKives as described in, for example, US5.612.055, 
US 5,314,602; and US 5,147,642. 
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One aspect of the invention is a composition for the treatment of a textile that 

treat for example silk or wool as described in publications such as RD 216,034, 
134,267; US 4,533,359; and EP 344,259. 

6 The following is presented by way of example and is not to be construed as a 

limitation to the scope of the claims. 

A.I publications and patents referenced herein are hereby incorporated by 
1 o reference in their entirety. 



, . identifisajjoa of Peptide T-Cell Epitopes. 
I l»inn Naive H uman T-Cells 

Fresh human peripheral blood cells were collected from "naive" humans, i.e., 
persons no, known to be exposed to or sensed to Bac»s !entus protease, for 
determination of antigenic epitopes in protease from Beams ,en,us an human 
subtilisi, Naive humans is intended to mean that the individual is no, known to have 
been exposed to or developed a reaction to protease in the past. Penpheral 
nlnular btood cells (stored a, room, emperature, no o W er, ban 24 hours, were 
prepared for use as follows; Approximately 30 mis of a solution of buffy coa, 
preparation from one unUof whole btood was brought to 50 ml with Dulbeccos 
phosphate buffered solution (DPBS) and split into two tubes. The samples were 
underlaid with 12.5 m, of room temperature lymphoprep density separation med,a 
(Nycomed densrty 1.077 g/ml). The tubes were cenWuged for thirty mmu.es a, 
600G. The interface ofthe two phases was collected, pooled and washed .W 
The cell den* o, the resultant solution was measured by hemacytometer. V,ab,l,ty 
was measured by trypan blue exclusion. 

From the resulting solution, a differentiated dendritic cell culture was 
prepared from the peripheral blood mononudear cell sample having a density of 
cells per 75 ml culture flask in a solution as follows: 

(1) 50 ml of serum free AIM V media (Gibco) was supplemented 
; wrth a 1 :100 dilution beta-mercap,oe,hanol (Gibco). The flasks were laid flat 
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for two ho Ure at 37»C in 5% C0..0 allow adherence of monocytes to the 
** "J Differentiation of the monocyte cells to dendrKic cells was as 

(monocytes) combined wfflr 30 ml of AIM V, 800 units/ml of GM-CSF 
Uogen)and 500 units/m, o, IL-4 (Endogen); the resulting mixture :was 
r u ,,urLfIr5daysundercond«ionsa,37^Cin 5% CO, A«erf,vedays h 

(Endogen) was added to a final concentration of 50 unta/m, and the mixture 
incubated at 37°C in 5% C0 2 for two more days. 

(3) On the seventh day, Mitomycin C was added to a 
concentration of 50 microgram/m, was added to stop growth ol fthe now 
differentiated dendritic eel, culture. The solution was incubated for 60 
minutes at 37°C in 5% CO, . Dendritic cells were collected by gentry 
scraping the adherent cells off the bottom o, the flasK with a cell scraper. 
Adherent and non-adheren, cells were then centrifuged a. 600G for 5 
minutes, washed in DPBS and counted. 

( 4) The prepared dendritic cells were placed into a 06 well round 
bottom array at 2x10«f*ell in 100 microliter total volume. 

CD4 + T cells were prepared from frozen aliguots of the peripheral blood oel, 
samples used to prepare the dendritic cells using the human CD4 + CelleC Kit 

ZLrethawedand washed 

pe CelleC column; the cells were .suspended in 4 ml DPBS and 1 ml of Cel, 
Lent from the Cellec. Kit, the solution maintained a. room temperature for 20 
Z The resultant solution was centrifuged for frve minutes a. 600O at room 
temperature and the pellet resuspended in 2 ml of DPBS and applied to the 

11ns. The — -'^"'^I^IT 
The resultant CD4 + cell so,ution was centrifuged, resuspended ,n AIMV medra 

the density counted. 

me CD4+ T-cell suspension was resuspended to a count o, 2x10»fm. in AIM 
V media to facilitate efficient manipulation of the 96 well plate. 
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oH frnm a 1M stock solution in DMSO by dilution in 
well of the 96 well plate contain.ng the drfferenhated 



follows: 
10 2x10 5 CD4+ 



2x10 4 dendtritic cells (R:S of 10:1) 
5 mM/10 4 peptide 

Example 2 

-■r-tr«— 

except for three residues. 

10. All tests were performed at least in a RpsDonse s were averaged 

i6 rrr rrs==— — 
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ad^resp O nse,n10in* W uaMf, Ure 4,a„d16indKndu a Mf^e5.o*e 
various peptides. Response is Moated as the added response where n .0 equa a 

fte baseline response and in Figure 5 a reading of 16.0 or less the baselrne 



response. 



As indicated in Figures 4 and 5, the immunogenio response of the naive 
.^samples.™ unsized individuals ^owed a marKed allergenio response 
atfte peptide fragment from Bacfc fenrus corresponding to resdues 170-17 of 
£}ac/flus ^wyloliquefaciens protease. As expected, the corresponding fragment in 
human subtilisin evokes merely baseline response. 
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